Different solvent extracts of Cordyceps militaris stroma powder were tested for cell viability and inhibition of nitric oxide (NO) production in lipopolysaccharide (LPS) triggered BV2 microglia cells. Chemical investigation of the ethyl acetate fraction resulted in an enriched ergosterol sub-fraction CE3. The BV2 cells showed no cytotoxic effects when treated with the ethyl acetate fraction and sub-fraction CE3 at concentrations of 0.1 µg/mL -100 µg/mL compared with the control. At 10 µg/mL, the ethyl acetate fraction and sub-fraction CE3 had the highest reduction of 48.0% and 44.7% of nitric oxide production, respectively. The major compound in sub-fraction CE3 was ergosterol, identified by GCMS, and the purity was checked by HPLC. Further, the reduction of nitric oxide in LPS triggered BV2 cells was about three fold higher when compared with the control commercial ergosterol.
For decades, inflammation has been one of the most potent but unknown causes of many neurodegenerative diseases ranging from Alzheimer's disease, Parkinson's disease, amyotrophic lateral sclerosis, and multiple sclerosis [1] . According to WHO (2013) , inflammation also causes chronic respiratory diseases, heart diseases and diabetes, which are the top non-communicable diseases (NCD) [2] . Currently NCD are being treated with nonsteroidal anti-inflammatory drugs (NSAID), which cause side effects such as liver damage [3] and gastrointestinal toxicity [4] . Thus there has been renewed interest in natural compounds as antiinflammatory agents. Turmeric [5] and mushrooms [6] have been used for centuries to reduce pain and inflammation.
Many medicinal mushrooms have been used in traditional therapies to promote neurotrophic activities such as nerve regeneration [7] , neuroprotection [8] and neurite outgrowth [9] . In the present study, Cordyceps militaris (orange caterpillar fungus) was selected. This mushroom has been used for medicinal purposes [10] and has several bioactivities such as antitumor, immunomodulatory and antioxidant [11] . In the search for new inflammatory agents, different solvent extracts of C. militaris were investigated in BV2 cells and the chemical compound/s responsible for the activity was determined. C. militaris was extracted in ethanol and further fractionated with ethyl acetate. The lipid constituents of the ethyl acetate fraction and the sub-fraction CE3 based on GCMS chromatograms are listed in Table 1 . 
RT= Retention Time
Seven compounds were identified in the ethyl acetate fraction, while in sub-fraction CE3 dehydroergosterol, ergosterol and 22,23dihydroergosterol were identified. Enriched ergosterol (93.0%) in sub-fraction CE3 was obtained as white crystalline needles.
The effect of various concentrations of the extracts and fractions of C. militaris on viability of BV2 cells determined by MTS assay is given in Figure 1 . The cell viability of the positive control (untreated BV2 cells) was denoted as 100%. None of the samples was cytotoxic to BV2 cells at 0.1-10 µg/mL concentrations. However, at 100 µg/mL, all extracts tested were cytotoxic to the BV2 cells with viability of 80 -90%. An increase of 0.4 -23% of cell viability was noted in BV2 cells treated with the ethyl acetate fraction, sub-fraction CE3 and commercial ergosterol at 1 μg/mL, followed by a dose dependent decrease from 1 μg/mL -100 μg/mL. Nitric oxide production occurs when there is inflammation in the cells and gives a pink color in the supernatant of the cells induced by LPS. A dose dependant reduction of NO production ranging from 13% to 48% by BV2 cells was obtained when the cells were treated with the ethyl acetate fraction and sub-fraction CE3 at concentrations of 1 µg/mL -10 µg/mL. The commercial ergosterol only reduced NO production by 7% -15% in BV2 cells at concentrations of 0.1 µg/mL -10 µg/mL. The reduction of 1 µg/mL and 10 µg/mL was 50% more than the commercial ergosterol ≥75% (SIGMA). The subfraction CE3 showed better reduction of NO production compared with the commercial ergosterol. This may be due to possible synergistic effects of the compounds (dehydroergosterol, ergosterol and 22,23-dihydroergosterol) present in sub-fraction CE3. Further, Ma et al. [12] reported that the ethyl acetate fraction and ergosterol isolated from Inonotus obliquus mushroom were found to have significant inhibitory effects on NO production and NF-κB luciferase activity in macrophage RAW 264.7 cells. Fungal ergosterol acts as an anti-inflammatory substance by inhibiting TNF-α production [13, 14] on RAW 264.7 macrophages in vitro. In conclusion, none of the extracts tested were cytotoxic to BV2 cells at concentrations of 0.1-10 µg/mL. The ethyl acetate fraction and sub-fraction CE3 reduced NO production by LPS triggered inflammation in BV2 cells. The reduction of NO production by ergosterol-enriched sub-fraction CE3 was 2 folds higher when compared with commercial ergosterol, both at 10 ug/mL.
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Experimental
Mushroom sample: Cordyceps militaris (L) Link stroma powder was purchased from Biofact Life Sdn Bhd in Melaka, Malaysia.
Extract preparation:
The mushroom powder was extracted with 80%, v/v, aqueous ethanol and further partitioned in ethyl acetate (EA): water. The EA fraction was eluted with a silica gel column chromatography using 500 mL solvent (n-hexane: acetoneincreasing concentration) to obtain 6 sub-fractions (E1-E6) based on similarity of spots on TLC [15] . The active sub-fraction obtained was checked by GCMS to identify it, and HPLC to confirm its purity.
Viability and nitric oxide assay: BV2 cells were maintained in Dulbecco Modified Eagle's medium (DMEM) [16] . The cytotoxic effect was determined by using 3-(4,5-dimethylthiazol-2-yl)-5-(3carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay and nitric oxide determination assay to calculate the amount of NO using a sodium nitrite standard curve [16] . Cell viability and nitric oxide production were calculated as percentage (%) compared with untreated cells.
Statistical analysis:
All data were recorded as means of triplicate values ± standard deviation (SD) and analyzed by SPSS for Windows (ver. 18.). One-way ANOVA and Duncan comparisons were carried out to test any significant differences (P < 0.05). 
